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NOTICE

When Government drawings, specifications, or other data
are used for any purpose other than in connection with a
definitely related Government procurement operation, the
United States Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data
is not to be regarded by implication or otherwise as in
any manner licensing the holder or any other person or
corporation of conveying any right or permission to man-
ufacture, use, or sell any patente(d invention that may in
any way be related thereto.

This report "s not to be used in whole or in part for
advertising or sales promotion purposes.
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"INTRODUCTION:

The basic objective of this project was to determine the
reliability of p•,u type humidity ifditators procured under
M!L-I-26880 and taken from extended service at the Military Air-
craft Storage and Disposition Center (MASDC;, Davis-Monthan AFB,

r Arizona.

BACKGROUND:

The stcrage procedures employed at MASDC for the preserva-
tion of aircraft are being reviewed in hopes of standardizing
Air Force, Navy, and Army requirements and improving the degree
of protection offered. Preliminary meetings on a tri-service
basis held in January 1972 indicated some concern for the reli-
ability of MIL-1-26860 humidity indicators. As a result, this
Directorate in conjunction with the 4950th Test Wing/LGF was
tasked with conducting preliminary studies cn indicator reli-
ability.

Description of Test Specimens:

All humidity indicators were received frcm MASDC. Speci-
mens 1, 2, and 3 were new indicators and were never placed in
service. Specimens 4 through 8 were taken from service. All
specimens were identified as follows:

Specimen No: identification:

New condition--manufactured by Driaire,
Inc., Nowalk, Connecticut, Model # 352.

2 Same

3 Sam5e

4 Used condition--manufactured by Driaire,

Inc., Model 1 352. MASDC identification:
P-2,131435 #2 Jet Tail Pipe.
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_ecimen No: Identification:

5 Used condition--manufactured by Driaire,
Inc., hodel 0 :352. 1ASDC identlficatlon:
T-33B, 138061--aircraft facing north.

6 Used condition--manufacturer unknoan.
Model #2156. MASDC identification:
F8A 143695, intake, aircraft facing
north.

7 Used condition--manufacturer unknown.
Moael #2156. MASDC identification:
F-8A, 145370, intakeaircraft facing
south.

8 Used condition--manufactured by Driaire,
Inc., Model #352. MASOC identification:
T-33 139013, intakeaircraft facing
south.

Test Equipment:

A humidity cabitiet, model FR 256 PCX, manufactured by the Blue M
Company, was used to expose the indicators to various environmental
conditions. This unit zan control temperatures to within + 20F and
can control relative humidity to within + 112M.

Test Procedure:

The humidity cabinet was adjusted to the specific temperature and
relative humidity under question and allowed to stablize. When a change
in temperature avd humidity settings was required, the indicators were
allowed to remain in the chamber during the tninsition period.

The following sequence of conditioning was followed:

Condition A - 72°F, 30% RH for 24 hours.

Condition B - 74°F, 33% RH for 16 hour-s.

Condition C - 750F, 40% RH for 24 hours.

Condition D - 70'F, 48% RH for 3 hours.
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Condition E - 710 F, 45% RH for 2 hours.

Condition F - 713F, 37% RH for 3 hours.

Condition G - 736F, 5G.,; RH for 48 hours,

RESULTS:

The visual observations recorded during each of the seven con-
ditioning periods are shown in Table !,

ISCU•SSI,•:
Frm the data presented in Table I, it is apparent that the first

seven humidity indicators tested do meet the color sensitivity require-
ments of HIL-I-2686G. It should be noted that specimen number 8 waS
consistent in indicating dual relative humidity conditioas. No explana-
tion can be offered for this beyond the possibility of a defect in man-
ufacture. T'he whlte" indication of spec nuns 3 and 4 after 48 hours
at 73°F and 50% RH is interpreted and may, to other observers, appear
light olue or pink. Color sensitivity and individual interpretation of
color are the primary drawbacks to this type of humidity indicator.
This Directorate has recognized this problem for some time and is now
in the process of developing, tirough a contract effort, a more reliable
indicator system. A brief sumvnary of what is expected to be accomplished
is contained in the Statement of Work now being processed through pro-
curement. A copy of this Statement of Work is enclosed as attachment 1.

CONCLUSIONS/RECOM.ENDAT IONS:

Based on the results of the evaluation, all specimens with the
exception of nuaber 8 are considered to meet the miniaim basic color
sensitivity requir ements of the procuremrent specification.

It is felt that further indicator evaluations at this tim. would
only duplicate the results of this report and what is being experienced
by other field activities, Successful conpletion of the contract pro-
gram outlined in attachment 1 will alleviate the problem. As sn
iaterlm reasure, it is recowmended that the color sensitivity require-
ments of MIIL-I-Z6860 be tightened to isure a distinct color change at
the 75°F and 40% RPi point.
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HUMIDITY flRDICATOR IMPROVEM.NT

STATEM'ENT OF WORK

1.0 INTRODUCTION,

1.1 This w~ork statem-ant vstab'lishas tthe requirement for a contractual
effort to Investigate the charracteristics o-- all available humidity
indicators and to rolat_ thnse characteristics to tho requiremnnts for
the protection of contaents of' pzc~ags/contailners freni m'oisture damnage.
Also, to modify existing and/or d-evelop. if recquirad, new humidity
indicating rasivdhas and-lor 6!ovicos that arm, not depoandent on color code
change and can Profbrebly bt. read viithout openin~g the aig/ntie
or require the us.e of* wnpcin~indceis. Szsod on the results of this
program, to devalop p.,c~angjing rL~q,.re,2=nts and recorszndations for the
use of humidity indic~atorts.SI

The humidity indic&Itor(s) chall be ad-1.table for all sizes and shapesNO
of packaqcs/cantaincrs. Cos', ulf-fectivanass, of the system shall enable
tha Production of either c leti o~r a larcge quantity of' the humidity
indicators.

New doncepts which would onable the achibevaezant of theso goals are4-
encouraged. -

2.0 SCOPI.

2.1 This contract provides for a progra to m.-dify an existing or' to
develop na= hun~idlty indica-zor(s) t'hat shall not be &.pendent on color
code change and can b-eezut~rf~~l witicut opaning the package/
cont~ainar or raquire-0 the .z of zn Insimaction wjirdowj. The contractor
shall deronstrate tbat tha humidity indicator(s) shall be able to meet
tha packaging criteria on 0. ich this work statement is based.

2.2 The prhimary objectivo of thl5 contractu-al prograr. Is to identifyM
and develop dlesign crItaria for ehý manufacture of '#.-#d ncIca tortk)
that can be produced In a cost effective rzranner for use i*- the =onitoring
of moisture content in tha packaging/containerization of m~ilitary items.

2.3 The contract shall consist of three one-time tasks each Interrelated
with the other to achieve the blow-Ing 4-zjgr obJectives:

a. To ridify, develop, or select material(s) that shall be used In
the manufacture of humidity indicator(s).

9A
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b. To conduct the design and to establish criteria for the
omnufacture of prototype humidity indicator(s).

c. To manufacture 4nd submit prototype humidity indicator(s) for
the evaluation by the Air Force to confirm their effectiveness and
reltibility and the contractor shall also conduct a test of the humidity
indicator(s) In packages/containers e•onstrating the feasibility of the
design and its effectivenews to the satisfaction of the Air Force.

3.0 BACKGROULD.

3.1 One of the primary causes ef dage .to packaged items is corrosion.
When the noisture content within a package/container excees a given level
(which will vary depending on the item that is being protected), rust,
ilidew, rot, etc. will begin to form and the product will be ruined or
its value will be considerably reduced.

Humidity indicate"s are iters used to detect and measure the asunt of
moisture content within a packege/container.

Card humidity indicators (used by the Air Force) have been manufactured
based on the color change of cobaltous chloride or a similar chemical.
These humidity indicators are easily damaged by excessive ioisture, are
difficult to read accurately, and require the opening of the packags/
container In wAny cases to detenrine the actual condition within the
package/container or require the use of a window for inspection.

The plug type humidity indicator is cuuersoam to use and has the same
deficiencies as the card type.

There is a great need for an Improvwd or an entirely new concept of humilun4
indicatort.

3.2 Applicable Docw*nts.

3.2.1 The following document3, together with the a wke nts nd revisions
in effect on the date of this Stateunt of WCork, shall form a part of this
work statemnet and shall be applicable where appropriate. Copies of Z
documents required shall ba obtained ftw or as directed by tha contracting
officer:

a. MIL-D-3464 - Oesiecitnts (Activated) in Bags; For Static Dehuuldi-
ficatlon an.d Packaging.

b. MIL-D-3716 - Desiccantiz (Activated) For Dynamic Deh=W1d~flcation.
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c. AIL-1-6131 - Indicator, Humidity Plug.

d. MIL-I-8835 - Indicator, |umwIdlty Card, Chemically Impregnated.

t, MIL-I-26860 - Indicator, Humidity, Plug. Color Change.

f. HIL-P-116 - Preservation, Rethcds Of.

g. MIL-F-9024 - Packaging, Materials Handling. and Transport4bility
System and System Segents, Gneral Specification For.

h. HNS-20003 - Indicator - Humidity, Card, Three-Spot Impregnated Area.

1. NS-26507 - Indicator, Card, Desiccant Relativw HwNudlty (81 + 5%).

J. MIL-STD-810 - Military Standard Envirdnmental Test Ieethods For
Aerospace and Ground Equipont.

k. Federal Test Method 101 - Preservation, Packaging, and Packing

M4aterials: Test Procedures.

4.0 TASKS.

4.1 Task I - Irvestlgatlon.

4.1.1 The contractor shall obtain for this test and evaluat.ion all known
card, mechanical, and electronic humidity indicators or any to~bination
thereof which are availabls on the open market.

4.1.2 The contractor shall tronitor installed humidity Indicator& in
patkageslcontainers and present the data on -1ccuracy. reliability, and
effectiveness. The humidity indicators chalb be those obtained In accordance
with 4.1.1.

4.1.3 The contractor shall obtain data on the advantag-es and/or disadvantages
of reading and/or replacement of humidity indicators in packages/containers.

4.1.4 The contractor shall, upon test and evjaluation of the huraldity
indicators presently used, submit justification, and based on engineering data
a datermination as to =dification of existing or tne development of a new
Whmidiy indicating medium and/or device.

4.1.5 At the end of Task I. the contractor shall submit a report swmarizing
the results of Task I. A- the time of submission of tw.e report of Task I,
"approaches to be considered in Task 11 should also be presented.
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4.2 Task 11 Design and Manufacture of Prottotype .1iumidity Indicator(s).

-' ~4.2.1 The contractor shall &-sign and m.anufa~cture humidity IndicatorWs
of the required characteristics bated on thie 1atla d.eveloped from Task I

4.2.2 The humidity indlcator(s) may be designed using chemical. mechanical,
electronic, materials, or any corbWnatHon. of these devices. Howiever. the2 design
shall not be de-pondent on color code chang.V

4.^.3 The contractor shall develop, refine the design, and mnanui'acture the
humidity indlcatori(s) from, materials improved by the statee of the art when
feasible.. Design mnaterials are to remdtr. relatively stable at temperatures
from -665F to +1400r with a 75% R.H.

4.2.4 The contractor shall design humidity Indicator(s) to be operatlrn'ially
unaffected by shock and vibration and shall be accurate to a plus or miinus
temperature revading of 3"F and a plus or minus 510 relative humidity frm-
.-20*lf to +1204F with a relative humidity range, from 315% to 6511.

4.2.5 The humidity indicator(s) shall be ccr..pact, econozical, and shall be
easily installed in a package/container as &eter-olned by the Air Force.

4.2.6 As a design objective, the hua~ddity indicator sholl not exceed a
displacewent ef not more thasa eight cubic inchs.

4.2.7 Once the design,, cvaterlal, and the m_:.nu~actur~nq criterla are defined,
they shall be reported through the procuring, activity. Ar. this tir-e, the
selection of materials and the manufacturing, t-Cchniquos for lask III shall
be defined. Start of Task III must zialt approval by the Air Force of the
reconruended approach. The decision for a~provial shall not be dalayed more
than teit working days after the report isrcidby the project engin~eer.

4.2.8 The cost objective for this item shall iot exceed $5.00.

4.2.9 At the end of Task 11, the contractor shall subrmIt a report sup!1arizinS-
the results of Task I and Task II and shall report the Moreccndations for
deyalopiwint of Task III along with a test program to be approved by the
Air Force.

4.3 Task III - Manutacturing of Prototype i1temas.

4.3.1 Upon approval by the Air Force of the selected materials, design,a
toolina, and manufacturing techniotes, tea each prototype(s) of the final )
end itie-(;) Shtp b manufactured and sub,2ftte4- to the Air Force Packaging
Evaluation Agency for testing and evaluation,



4.3.2 The fol lowivg characteristics shall be considered as essential In
t~ia manufactuzring of tho prototype humidity Indicator(s).

a. Abli-Ity to function in any clizatic condition 3nd in the normial
Air Force distribution systeiz.

b. Cost effectiveness including m~terials and fabrication.

c. Overall parforn-anc* as outlined in this Statem~ent Of Work.

4.3.3 The contractor shall performi the necessiry analysis and test t~o
predict and verify the necessary relicbililty as established In Task i and
Task 11.

4.3.4 Cost studies on the prototype t nuidity In4'.zator(s) shall be
conducted by tthe contractor and included in the final report for the
i~anufacture of quuntities of 1, 100, 1000, 5000. and 10,000.

5.0 REPORTS.

5.1 Status Report. For each task, the contractor shalk submit, at the
end of each quarter, a status report with any applicable attachments
partain~iag thereto. The report at the conclusion of Task I and Task II
shall be cansidered as a report for the respective oquarter.

5.2 Final Report. Within 30 days after completion of the work cantained
herein, the contractor s0all submits- a complet final repart st~avrking
all the flindii'gs, notes, data. engineering, draw*ings, and conclusions of
the total work performed under this Statement Of Work.

5.3 The final report shall be approved by Vie Air Forco Packaging Evaluatlo:.-
Agenc~y befor'e final printing.

5.4 The contractor shall sub-mt, SO copies of the finial reprt to the Air
Force Packaging Evaluation Agecy.

6.0 CWTRACT END ITEM~.

6.1 Use contractcr shall submnit along with t0e final repnrt as r-equired In
5.2 and prototype indicator(s) as required in 4.3.1, a quantity of 500 each
hu-midity Indicator(s) as developed under this Statem~nt Of Work for the
purpose of testing and evaluation.
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WILLIIAM R. DRAKE, Chemical Engr
Materials Divi3ion, Directorate

of Packaging

APPROVED:

W. 2 "ICiHELBERGER~aF] USAF

Director of Packagid
Office of DCS/Distri ution
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